1. Introduction {#j_tnsci-2017-0013_s_001}
===============

As reported by Nock et al. (2008), lifetime prevalence of suicide ideation/suicide plan/suicide attempt (suicide behavior) across 17 countries was found in 9.2% /3.1% /2.7% of 84 850 adults of general population \[[@j_tnsci-2017-0013_ref_001]\]. Individuals with mental disorders are known to show higher life-time prevalence of suicide attempt, reaching 31.9-44% in patients with alcohol dependence (AD) \[[@j_tnsci-2017-0013_ref_002],[@j_tnsci-2017-0013_ref_003]\].

Studies on suicide, suggest adverse childhood experiences (ACEs) understood by physical, verbal, and sexual abuse, neglect, loss of attachment figures due to divorce, separation, death, exposure to domestic violence, and growing up in a household with mental illness, alcohol abuse, drug abuse, or incarceration are reported as a significant risk factor for suicide behavior/suicide in general population and in patients with AD \[[@j_tnsci-2017-0013_ref_002],[@j_tnsci-2017-0013_ref_004]-[@j_tnsci-2017-0013_ref_006]\].

Patients with AD are known to report a higher number of ACEs than the general population \[[@j_tnsci-2017-0013_ref_007]\]. It was postulated that this may be due to having been raised in a dysfunctional household, however, the association cannot be considered absolute \[[@j_tnsci-2017-0013_ref_008]\]. As reported by Hardt et al. (2008), 17% of 575 patients of psychosomatic clinic and general practitioners reported a suicide attempt in the past and in particular, two forms of early violence (i.e., sexual abuse and harsh physical punishment) were associated with an increased risk for suicide attempts \[[@j_tnsci-2017-0013_ref_005]\]. As reported by Jakubczyk et al. (2014), sexual abuse in childhood overweight physical abuse itself as a risk factor of suicide attempt in patients with AD and is independent from other known factors influencing suicide risk, eg., drinking severity \[[@j_tnsci-2017-0013_ref_002]\]. In our opinion, the role of ACEs as a risk factor for suicide behavior/suicide was widely assessed in depression, posttraumatic stress disorder, and some personality traits, but is still insufficient in AD.

General self-efficacy is an important construct that may prevent individuals from committing suicide. General self-efficacy was defined by Bandura (1997) as the belief that one can successfully execute behaviors needed to produce a desired outcome \[[@j_tnsci-2017-0013_ref_009]\]. Pompili et al. (2010) investigated the association of impulsivity, aggression and self-efficacy with protective factors against suicide \[[@j_tnsci-2017-0013_ref_010]\]. The study population consisted of 300 Italian university students (141 males, 159 females); mean age 24.2 (SD = 3.01).Theirs results support the possibility that increasing general self-efficacy could be a useful target for interventions directed toward suicide prevention in individuals with problems of emotional control \[[@j_tnsci-2017-0013_ref_010]\]. As noted by Bandura (1986), patients who have strong self-efficacy are likely to mobilize their effort needed to successfully resist situations of high risk for alcohol drinking \[[@j_tnsci-2017-0013_ref_011]\]. Bandura (1982) pointed out that there is a bimodal association between life adversities and self-efficacy \[[@j_tnsci-2017-0013_ref_012]\]. Strong self-efficacy supports recovery from traumatic experiences, but self-efficacy may be impaired by previously experienced life adversities \[[@j_tnsci-2017-0013_ref_012]\]. Reports in the literature indicate that ACEs may implicate adverse adaptation following traumatic experiences and self-efficacy \[[@j_tnsci-2017-0013_ref_013]-[@j_tnsci-2017-0013_ref_017]\]. Studies on AD treatment outcomes and relapse have tended to focus on self-efficacy \[[@j_tnsci-2017-0013_ref_018]-[@j_tnsci-2017-0013_ref_022]\]. We hypothesized that lower general self-efficacy is associated with a higher risk of suicide attempt in patients with AD.

ACEs have been shown to moderate both, neurotransmission and brain structures in developing brain. Lower volume of both, hippocampus and amygdala, in children experienced with ACEs, was considered as a structural warrant of further behavioral problems following ACEs \[[@j_tnsci-2017-0013_ref_023],[@j_tnsci-2017-0013_ref_024]\]. As summarized by Hanson et al. (2015), the hippocampus is involved in learning, memory, and neuroendocrine response to stress; the amygdala is important for emotions and social information processing \[[@j_tnsci-2017-0013_ref_024]\]. Hanson et al. (2015) collected MRI images for 128 children of three subgroups of experienced ACEs: early caregiving neglect while living in institutions for orphaned or abandoned children, living in household of low socioeconomic status, and who suffered physical abuse \[[@j_tnsci-2017-0013_ref_024]\]. When compared with 41 children with no history of maltreatment, children who suffered early neglect and children raised in low socioeconomic status households had smaller left amygdala; children from low socioeconomic status households had smaller left and right hippocampi; and children who experienced physical abuse had smaller right hippocampi \[[@j_tnsci-2017-0013_ref_024]\]. Approximately 60-90% of people experience at least one category of a traumatic event during their lifespan, but many fewer develop prolonged psychological consequences of events in this category \[[@j_tnsci-2017-0013_ref_025]\]. The neuroendocrine hypothesis of posttraumatic stress disorder (PTSD) posits that trauma-vulnerable subjects exhibit more effective consolidation and retention of memories of emotionally arousing events \[[@j_tnsci-2017-0013_ref_026]\]. When compared with norepinephrine's and glucocorticoid's role in memorizing stressors, somatostatin's role in memory formation and retention still remains to be determined \[[@j_tnsci-2017-0013_ref_027]\]. The sympathetic system and the hypothalamic-pituitary-adrenal axis (HPA) act together to provide the organism with sufficient supplementation of oxygen and glucose to support the "fight or flight" response to a stressor and to memorize the stressor for future proper reaction, which is crucial for the evolutionary process of the human species. Immediate, i.e. within seconds, epinephrine/norepinephrine release after exposition to a stressor, increased heart rate, force of heart contractions, peripheral vasoconstriction, blood pressure and energy mobilization. Slower, i.e. within minutes, is the HPA axis response which initiates a slow-rising release of cortisol that persists over the course of several hours. This cortisol release results in both metabolic (i.e. glucose metabolism) and immune (i.e. cytokine expression) actions. However, a biological imbalance in norepinephrine/cortisol release, which may appear in genetically/epigenetically predisposed subjects, while a sudden stressor or a chronic stressor acts, may result in stress-related disorders and depression \[[@j_tnsci-2017-0013_ref_026],[@j_tnsci-2017-0013_ref_028],[@j_tnsci-2017-0013_ref_029]\]. HPA axis hyperactivity may result in lower levels of brain neurotrophic factors and poor neuroplasticity. Serum levels of cortisol and the brain-derived neurotrophic factor were found to be inversely associated in female suicide attempters \[[@j_tnsci-2017-0013_ref_030]\]. A meta-analysis conducted by Lopez-Duran, Kovacs, and George (2009) confirmed that the HPA-axis system was dysregulated in depressed youth, as evidenced by atypical responses to the dexamethasone test, higher baseline cortisol values, and an overactive response to psychological stressors \[[@j_tnsci-2017-0013_ref_031]\]. Somatostatin is a peptide hormone that, in addition to exo- and endocrine suppression, also acts as a neurotransmitter and neuromodulator of other neurotransmitters \[[@j_tnsci-2017-0013_ref_032]\]. Intra-cerebroventricular, intra-amygdalar and intra-septal microinfusions of somatostatin demonstrated its anxiolytic effect in the rat brain \[[@j_tnsci-2017-0013_ref_033],[@j_tnsci-2017-0013_ref_034]\]. The mice model of memorizing fear as studied by Kluge et al. (2008) suggests that the somatostatin system plays a critical role in the acquisition of contextual fear memory but not for tone fear learning, and further highlights the role of hippocampal synaptic plasticity for information processing concerning contextual information \[[@j_tnsci-2017-0013_ref_027]\]. Somatostatin-positive interneurons of the dentate gyrus were found to control the size of the cellular engram and the stability of contextual fear memory \[[@j_tnsci-2017-0013_ref_035]\]. Somatostatin acts via G protein-coupled receptors; one of them, somatostatin receptor subtype 4, is mainly located in the adult human lung and brain, especially in area CA1 of the hippocampus \[[@j_tnsci-2017-0013_ref_036],[@j_tnsci-2017-0013_ref_037]\]. Animal studies by Gastambide et al. (2009, 2010) found that intrahippocampal injections of the somatostatin receptor subtype 4 agonist (L-803.087) in mice dramatically impaired place memory formation in a dose-dependent manner, yet agonists of somatostatin receptor subtypes 1, 2, or 3 had no effect \[[@j_tnsci-2017-0013_ref_038],[@j_tnsci-2017-0013_ref_039]\]. Lin and Sibile (2015) showed that mice cortical somatostatin neurons displayed selective vulnerability to chronic stress when compared with pyramidal neurons \[[@j_tnsci-2017-0013_ref_040]\]. As reviewed by Lin and Sibille (2013), low somatostatin levels were found in cerebrospinal fluid, dorsolateral prefrontal cortex, anterior cingulate cortex, and amygdala in patients with major depressive disorder; in cerebrospinal fluid, dorsolateral prefrontal cortex, hippocampus, caudal entorhinal cortex and parasubiculum in patients with schizophrenia; in caudal entorhinal cortex, parasubiculum, hippocampus and dorsolateral prefrontal cortex in patients with bipolar disorder; in cerebrospinal fluid, temporal and frontal cortex, hippocampus and parahippocampal cortex in patients with Alzheimer's disease; in cerebrospinal fluid and frontal cortex in Parkinson's disease \[[@j_tnsci-2017-0013_ref_041]\]. The clinical output of this finding is still being investigated \[[@j_tnsci-2017-0013_ref_041]\]. NNC-26-9100, a selective somatostatin receptor subtype 4 agonist, has been shown to reduce soluble Aβ brain levels and to improve learning and memory following chronic administration in mice, thus suggesting that somatostatin receptor subtype 4 agonists may provide a beneficial therapeutic approach for the treatment of Alzheimer's disease and cognitive impairment \[[@j_tnsci-2017-0013_ref_042],[@j_tnsci-2017-0013_ref_043]\].

Here, we hypothesize that the functional polymorphism in the gene for somatostatin receptor subtype 4, *SSTR4* rs2567608, general self-efficacy, and adverse childhood experiences influence the risk of suicide attempt in patients with AD. Also the role of epigenetic modification of gene expression has been shown to be involved in suicide behavior. An example that will be further discussed are microRNAs (miRNAs), a noncoding RNA transcripts. As reviewed by Serafini et al. (2014), several studies have identified miRNAs as a fundamental class of gene expression regulators involved in the development, physiology, and diseases of the central nervous system \[[@j_tnsci-2017-0013_ref_044]\]. Moreover, the expression of miRNAs in frontal cortex, amygdala and hippocampus were found to be influenced by acute and chronic stress \[[@j_tnsci-2017-0013_ref_044]\]. This is the first study to assess the somatostatin receptor subtype 4 gene (*SSTR4*) functional polymorphism, rs2567608, in patients with AD and generally, in patients with mental disorders. Our main aim is to: 1. Evaluate the difference in affection with childhood adversities between patients with AD and healthy non-clinical subjects; 2. Evaluate the difference in *SSTR4* rs2567608 allele and genotype frequencies between patients with AD and healthy non-clinical subjects; 3. Assess if *SSTR4* rs2567608 genotypes/alleles, ACEs' history, general self-efficacy influence the risk of suicide attempt in patients with AD.

2. Subjects and Methods {#j_tnsci-2017-0013_s_002}
=======================

This is a study based on retrospective and self-reported data, performed in Poland between the years 2013 and 2015.

2.1. Subjects {#j_tnsci-2017-0013_s_002_s_001}
-------------

A total of 209 consecutive patients with AD who were admitted to psychiatry wards for a course of AD psychotherapy or a treatment of alcohol withdrawal syndrome and gave informed consent were involved in the study. Patients were informed in the study informed consent that they have the right to withdraw the consent at any step of the study without giving any reason. Of 209 patients, 33 did not undergo further analysis because of incomplete data (giving the questionnaire back without all the answers completed) or consent's withdrawal during the study (mainly, when finding the questions too personal/intimate or deciding not to undergo buccal smear). The study analyzed 176 inpatients with AD (134 males and 42 females) aged 43.4±10.5 (mean ± SD years). Each patient received a consensus diagnosis of alcohol dependence by 2 psychiatrists according to the ICD-10 (F10.2) \[[@j_tnsci-2017-0013_ref_045]\]. The period from the most recent alcohol intake was at least one week. Patients with AD scored 27.2±7.5 (mean ± SD points) out of the possible 40 points on the AUDIT interview (Alcohol Use Disorders Identification Test) \[[@j_tnsci-2017-0013_ref_046]\]. The exclusion criteria were: 1. age \< 18; 2. a history of a significant psychiatric comorbidity according to the ICD-10 \[[@j_tnsci-2017-0013_ref_044]\]; 3. ever having received chemotherapy consisting of drugs that influence DNA methylation, i.e., 5-azacytidin and decitabine (the group of patients with AD was also introduced to another study on genome methylation).

The controls were initially 140 healthy volunteers who gave informed consent. Controls were informed in the study informed consent that they have the right to withdraw the consent at any step of the study without giving any reason. Of them, 13 did not go further analysis because of incomplete data (giving back the questionnaire with incomplete data) or meeting any from below listed exclusion criteria. The study analyzed 127 healthy volunteers (96 males and 31 females) aged ≥18 \[39.4±12.0 (mean ± SD years\]. Exclusion criteria for controls were: 1. ever been diagnosed with a mental disorder according to the ICD-10 \[[@j_tnsci-2017-0013_ref_046]\] in their lifetimes; 2. ever attempted suicide or self-mutilated; 3. reaching the AUDIT scoring \[[@j_tnsci-2017-0013_ref_046]\] indicating alcohol abuse (F10.1 according to the ICD-10) \[[@j_tnsci-2017-0013_ref_044]\] or possible AD (F10.2 according to the ICD-10) \[[@j_tnsci-2017-0013_ref_045]\]; 4. ever having received chemotherapy consisting of drugs that influence DNA methylation, i.e., 5-azacytidin and decitabine (the controls were also introduced to another study on genome methylation). Controls were introduced to the study to assess the difference between non-clinical subjects and patients with AD according to the history of ACEs' and *SSTR4* rs2567608 allele and genotype frequency.

Patients with AD and the controls were sex matched. Female and male patients with AD were significantly older than the control female and male subjects (P=0.012 and P=0.039, respectively). Patients with AD and the controls were native, unrelated inhabitants of Central Poland.

2.2. Data collection {#j_tnsci-2017-0013_s_002_s_002}
--------------------

This study used a structured self-reported questionnaire that had been designed for the study to measure the sociodemographic and clinical characteristics of the study participants. The study participants were ensured confidentiality of the obtained data. The researcher remained present during the completion of the questionnaires in order, to address the participants' questions and to make sure the respondents understood all of the items.

Study participants were asked about the life time prevalence of at least one suicide attempt with a question: "Have you ever tried to commit suicide during your life-time?"

The Alcohol Use Disorders Identification Test (AUDIT) \[[@j_tnsci-2017-0013_ref_046]\] with a Cronbach's alpha index of 0.85 was applied to characterize alcohol intake severity during the past year in patients with AD and to exclude healthy volunteers with alcohol abuse (F10.1 according to the ICD-10) \[[@j_tnsci-2017-0013_ref_044]\]or suspected AD (F10.2 according to the ICD-10) \[[@j_tnsci-2017-0013_ref_045]\].

The ACEs were measured with a tool designed for this study that was named the ACE (13) Score. The first 10 questions were developed by Kaiser Permanente and the Centers for Disease Control and Prevention and evaluated exposure to abuse and family dysfunction occurring during the first 18 years of life (ACE Study Score) \[[@j_tnsci-2017-0013_ref_047]\]. These 10 questions focus on chronic physical, verbal, and sexual abuse; neglect; the loss of one or both parents for any reason (i.e., divorce, separation, or death); exposure to domestic violence; and growing up in a household with mental illness, alcohol abuse, drug abuse, or incarceration. The 3 additional questions concern events that also took place in one's life under the age of 18 and included: witnessing a family member's suicide attempt; witnessing a family member's death due to any cause; and witnessing a stranger's death due to any cause (e.g., traffic accident). The details of our statistical analysis, allow for our results to still be still comparable with studies based on the ACE Study Score.

Self-efficacy was measured with the Polish version of the Generalized Self-Efficacy Scale (GSES) by Schwarzer, Jerusalem and Juczyński, a 10-item psychometric scale, was used to assess optimistic self-beliefs into coping with a variety of difficult demands in life \[[@j_tnsci-2017-0013_ref_048]\]. The GSES of internal reliability measured by the Cronbach's alphas equal to 0.85, for internal reliability, was created to assess the general sense of perceived self-efficacy and to predict coping with daily hassles as well as adaptation after experiencing all kinds of stressful life events \[[@j_tnsci-2017-0013_ref_048]\]. Responses are made on a 4-point scale for each item' total scoring ranges from 10 to 40. The higher the score, the greater is the individual's generalized sense of self-efficacy. The scoring of ≤ 24 points is interpreted as low;, between 25 to 29 points -- as medium;, and ≥ 30 points -- as a high outcome \[[@j_tnsci-2017-0013_ref_048]\]. In order to address the possible bias connected with the participant's intentional attempt to present him or herself in either a better or worse mental and general condition, the researcher who remained present during completion of the questionnaires listed above was not involved in the patients' therapy. The recall bias was still possible during ACE (13) Score completion, which was listed among the limitations of the study.

2.3. Ethics {#j_tnsci-2017-0013_s_002_s_003}
-----------

Patients with AD and the controls gave written informed consent for their participation in the study. The study was approved by a Local Bioethics Committee: Nos. RNN/467/13/KB and KB/843/13/P. The study was carried out in accordance with the ethical standards laid down in the 1964 Declaration of Helsinki and its later amendments.

2.4. Laboratory testing {#j_tnsci-2017-0013_s_002_s_004}
-----------------------

Laboratory work was carried out at the Central Scientific Laboratory of the Medical University in Lodz. Buccal smears were obtained by rubbing the buccal mucosal with a sterile, DNA-free set of forensic swabs (Sarstedt). The buccal smears were obtained by trained personnel and then stored in accordance with the manufacturer's instructions until laboratory analysis. The buccal smears were obtained at least 2 hours after eating, tooth brushing, cigarette smoking, or gum chewing.

Genomic DNA was isolated from the buccal swabs using a High Pure PCR Template Preparation Kit (Roche) according to the manufacturer's protocol. DNA was eluted in 100 μl Elution Buffer and quantified using a Picodrop spectrophotometer (Picodrop Limited). The quality of the DNA samples was analyzed by measuring the ratio of absorption at 260/280 nm. Purified total DNA was immediately used for PCR reactions or stored at −20 °C.

*SSTR4* rs2567608 was analyzed using a commercially available Pre-made TaqMan SNP Genotyping Assay (Applied Biosystems, ID: C_3206279_1). The assay consisted of PCR primers and reporter probes that were labeled with a quencher (MGB) and either 6-carboxyfluorescein (FAM) or VIC (Applied Biosystems proprietary dye with λex = 488 nm and λem = 552 nm). Amplification of the probe-specific product causes cleavage of the probe, thus generating an increase in reporter fluorescence.

Amplification was performed according to the manufacturer's standard PCR protocol. Briefly, 10 ng total DNA was mixed with 10 μl TaqMan Genotyping PCR Master Mix and 0.5 μl TaqMan Assay to a final volume of 20 μl. PCR thermal cycling was as follows: initial denaturing at 95 °C for 10 min; 40 cycles of 92 °C for 15 sec; and 60 °C for 1 min. Thermal cycling was performed using a GeneAmp PCR System 9700 (Applied Biosystems). Each 96-well plate contained 92 test samples and 4 reaction mixtures without the DNA template (no-template control).

The end-point fluorescence intensities of each probe were monitored using the ABI7900HT Real-Time PCR System (Applied Biosystems). The genotypes were determined automatically and then visually verified based on the dye component's fluorescence emission data depicted in the X-Y scatter-plot of Sequence Detection System 2.3 Software.

2.5. Statistical analysis {#j_tnsci-2017-0013_s_002_s_005}
-------------------------

Between-group comparisons were made by the Mann-Whitney U test for independent samples (differences between means) and contingency tables were compared by the chi-square test. Bonferroni correction for multiple testing was applied. Changes in the odds ratio (risk) of suicide attempt and AD with an increased history of 13 categories of ACEs (also with additional variables such as age, general self-efficacy or the presence of specific alleles or genotypes) were assessed with logistic regression. The level of statistical significance was set at *P* values of ≤0.05. Normality of data distribution was evaluated with the Shapiro-Wilk test. Parameters with normal distribution (age and HBI) were presented as an average and standard deviation (SD). If distribution was other than normal, the median and range (min-max) were provided. Calculations were performed using the Statistical Package for Social Scientists version 22 (IBM SPSS v. 22) and GRETL packages. SNPs were evaluated for deviation from the Hardy--Weinberg equilibrium using Michael H. Court's (2005--2008) online calculator (<http://www.tufts.edu/~mcourt01/Documents/Court%20lab%20-%20HW%20calculator.xls>).

3. Results {#j_tnsci-2017-0013_s_003}
==========

3.1. Frequency of *SSTR4* rs2567608 alleles and genotypes in patients with AD and the controls {#j_tnsci-2017-0013_s_003_s_001}
----------------------------------------------------------------------------------------------

The genotype and allele frequencies of *SSTR4* rs2567608 in patients with AD and the controls are shown in [Table 1](#j_tnsci-2017-0013_tab_001){ref-type="table"}. For the studied polymorphism, the distribution of genotypes within patients with AD and the controls was in the Hardy--Weinberg equilibrium (Chi2=3.629, P=0.056 for patients with AD; Chi2=0.044, P=0.833 for the controls). There were no significant differences in genotype and allele frequencies between patients with AD and the controls ([Table 1](#j_tnsci-2017-0013_tab_001){ref-type="table"}) nor between males and females in each group (P\>0.1).

###### 

The frequency of *SSTR4* rs2567608 alleles and genotypes in patients with AD (n=176) and the controls (n=127)

                                              Patients with AD (n=176)   controls (n=127)   Chi^2^   P-value
  ----------------------------- ------------- -------------------------- ------------------ -------- ------------------------------------------------------------
  *SSTR4* rs2567608 genotypes   CC            31 (17.6)                  28 (22.1)          2.1126   0.348[^1^](#j_tnsci-2017-0013_fn_001){ref-type="table-fn"}
                                CT            100 (56.8)                 62 (48.8)                   
                                TT            45 (25.6)                  37 (29.1)                   
  *SSTR4* rs2567608 alleles     T (wild)      190 (54.0)                 141 (54.23)        0.0039   0.950[^1^](#j_tnsci-2017-0013_fn_001){ref-type="table-fn"}
                                C (variant)   162 (46.0)                 119 (45.8)                  

*P*-level of statistical significance

AD -- alcohol dependence

SD -- standard deviation

The Chi^2^ test

3.2. Self-reporting of ACEs' categories in patients with AD and the controls {#j_tnsci-2017-0013_s_003_s_002}
----------------------------------------------------------------------------

The number of each self-reported ACE in the group of patients with AD and in the controls is depicted in [Figure 1](#j_tnsci-2017-0013_fig_001){ref-type="fig"}. Only 26 (14.8%) of patients with AD reported no ACE vs. 85 (66.9%) of the controls (P\<0.001). Patients with AD reported each ACE category significantly more frequently than the controls ([Figure 1](#j_tnsci-2017-0013_fig_001){ref-type="fig"}). Female patients with AD reported sexual abuse (P=0.045), witnessing physical abuse towards their mother or stepmother (P=0.046), and problem drinking/alcohol dependence of a household member (related or not) (P=0.044) significantly more frequently than male patients with AD.

![Prevalence of self-reporting for each ACE category on the ACE 13 Score in patients with AD (n=176) and controls (n=127)](tnsci-08-076-g001){#j_tnsci-2017-0013_fig_001}

3.3. Association between life-time suicide attempt prevalence and selected demographic and clinical characteristics of patients with AD {#j_tnsci-2017-0013_s_003_s_003}
---------------------------------------------------------------------------------------------------------------------------------------

Of 176 patients with AD, 68 attempted suicide at least once during the life time. The mean number of suicide attempts was 2.6 (SD 2.7). Patients with AD who reported ever attempting suicide were significantly younger (P=0.007, [Table 2](#j_tnsci-2017-0013_tab_002){ref-type="table"}), had significantly lower general self-efficacy (scored significantly lower on the GSES) (P=0.002, [Table 2](#j_tnsci-2017-0013_tab_002){ref-type="table"}), and reported a significantly higher number of ACEs (both on the ACE Study Score and ACE 13 Score) (P\<0.001, [Table 2](#j_tnsci-2017-0013_tab_002){ref-type="table"}). Characteristics that differed significantly between patients with AD who reported ever attempting suicide and patients with AD who have never attempted suicide were further analyzed for chance risk of suicide attempt in male and female patients with AD. Both subgroups of patients with AD did not differ significantly according to place of living, educational level, or marital and occupational level ([Table 2](#j_tnsci-2017-0013_tab_002){ref-type="table"}). Male and female patients with AD did not differ significantly according to place of living (P=0.377), educational level (P=0.852), and occupational status (P=0.248). There was a significant difference between male and female patients with AD according to marital status (P=0.004) as there were more single male patients than female patients and a higher number of divorced and widowed female patients. The female patients were significantly older than the male patients (43.5 (11.20) vs 42.5 (10.1), P=0.042). Both male and female patients with AD scored equally on the GSES (P=0.129).

###### 

Comparison of demographic and clinical characteristics between patients with AD (n=176) who have attempted suicide at least once during the lifetime (n=68) and who have never attempted suicide (n=108)

  Characteristic                                           Suicide attempt (n=68)   No suicide attempt (n=108)   *P*-value
  ------------------------------------ ------------------- ------------------------ ---------------------------- ----------------------------------------------------------------
  Age (Mean ± SD) \[years\]                                40.8 (10.5)              45 (10.2)                    **0.007**[^1^](#j_tnsci-2017-0013_fn_003){ref-type="table-fn"}
  Gender                               Female              22 (55.4)                20 (47.6)                    0.036[^2^](#j_tnsci-2017-0013_fn_004){ref-type="table-fn"}
  \[Number (%)\]                       Male                46 (34.3)                88 (65.7)                    
  GSES (Mean ± SD points)                                  26.4 (6.6)               29.4 (6.0)                   **0.002**[^1^](#j_tnsci-2017-0013_fn_003){ref-type="table-fn"}
  ACE Study Score (Mean ± SD points)                       4.6 (3.0)                2.5 (2.4)                    **0.000**[^1^](#j_tnsci-2017-0013_fn_003){ref-type="table-fn"}
  ACE 13 Score (Mean ± SD points)                          3.8 (2.6)                2.1 (2.1)                    **0.000**[^1^](#j_tnsci-2017-0013_fn_003){ref-type="table-fn"}
  Place of living \[Number (%)\]       village             6 (54.6)                 5 (45.5)                     0.520[^2^](#j_tnsci-2017-0013_fn_004){ref-type="table-fn"}
                                       small Town          7 (41.2)                 10 (58.8)                    
                                       big Town            55 (37.4                 92 (62.6)                    
  Educational level \[Number (%)\]     basic               18 (38.3)                29 (61.7)                    0.979[^2^](#j_tnsci-2017-0013_fn_004){ref-type="table-fn"}
                                       vocational          18 (40.9)                26 (59.1)                    
                                       secondary           24 (36.9)                41 (63.1)                    
                                       higher              8 (40.0)                 12 (60.0)                    
  Marital status \[Number (%)\]        single              27 (39.1)                42 (60.9)                    0.590[^2^](#j_tnsci-2017-0013_fn_004){ref-type="table-fn"}
                                       married             12 (31.6)                26 (68.4)                    
                                       divorced            23 (45.1)                28 (54.9)                    
                                       widowed             6 (33.3)                 12 (66.7)                    
  Occupational status \[Number (%)\]   employed            20 (48.8)                21 (51.2)                    0.222[^2^](#j_tnsci-2017-0013_fn_004){ref-type="table-fn"}
                                       unemployed          41 (37.6)                68 (62.4)                    
                                       retired or          7 (28.0)                 18 (72.0)                    
                                       survivor sickness                                                         

*P*-level of statistical significance that according to Bonferroni correction was 0.005

ACE -- adverse childhood experience

AD -- alcohol dependence

SD -- standard deviation

the U Mann-Whitney test,

the Chi^2^ test - bold values mean a statistical significance

3.4. Changes in the odds ratio (OR, risk) of suicide attempt according to the history of ACE, the *SSTR4* rs2567608 genotype, general self-efficacy, and age -- logit model estimation in patients with AD (n=176) {#j_tnsci-2017-0013_s_003_s_004}
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

In the group of patients with AD as a whole, every ACE reported with the ACE 13 Score significantly raised the risk of suicide attempt with OR 1.24 (CI 95%). In males this relation was more pronounced, increasing with OR 1.37 (CI 95%). On the other hand, every ACE reported with the ACE Study Score significantly raised the risk of suicide attempt only in males and with OR 1.28 (CI 95%) ([Table 3](#j_tnsci-2017-0013_tab_003){ref-type="table"}).

###### 

Changes in the odds ratio (risk) of suicide attempt according to the history of ACEs, *SSTR4* rs2567608 genotype, general self-efficacy and age -- logit model estimation in patients with AD (*n*=176)

                                          Patients with AD (*n*=176)   Female Patients with AD (*n*=42)   Male Patients with AD (*n*=134)
  ---------------------------- ---------- ---------------------------- ---------------------------------- ---------------------------------
  ACE 13 Score                 *OR*       1.24                         1.08                               1.37
                               *P*        **\<0.001**                  0.167                              **\<0.001**
                               *95% CI*   1.11-1.42                    0.81-1.30                          1.16-1.55
  ACE Study Score              *OR*       1.10                         1.06                               1.28
                               *P*        0.098                        0.325                              0.045
                               *95% CI*   0.95-1.32                    0.92-1.65                          1.02-1.52
  GSES                         *OR*       0.82                         0.96                               0.87
                               *P*        **\<0.001**                  0.142                              **0.003**
                               *95% CI*   0.71-0.93                    0.87-1.36                          0.81-0.96
  *SSTR4* rs2567608 Genotype   *OR*       1.23                         1.10                               2.07
                               *P*        **\<0.001**                  0.242                              **\<0.001**
                               *95% CI*   1.02-1.61                    0.95-1.32                          1.51-2.44
  Age                          *OR*       0.91                         0.84                               0.89
                               *P*        0.072                        **0.034**                          0.067
                               *95% CI*   0.72-1.03                    0.62-0.95                          0.73-1.02

Bold values indicate a statistical significance

*OR* - *odds ratio*

*P* -- significance level of the odds ratio

95%CI-95% confidence interval for the odds ratio

SA-suicide attempt

ACE -- adverse childhood experience

GSES-General Self-Efficacy Scale

With increasing general self-efficacy (every point in the GSES), the risk of suicidal attempt was lowered with OR 0.82 (CI 95%) in the whole group of patients with AD and with OR 0.87 (CI 95%) in male patients with AD ([Table 3](#j_tnsci-2017-0013_tab_003){ref-type="table"}).

For female patients with AD, the risk of suicide attempt decreased significantly with ageing \[with OR 0.84 (CI 95%) with every subsequent year\] ([Table 3](#j_tnsci-2017-0013_tab_003){ref-type="table"}).

The *SSTR4* rs2567608 TT genotype increased the risk of suicidal attempt with OR 1.23 (CI 95%) in the whole group of patients with AD and with OR 2.07 (CI 95%) in male patients with AD ([Table 3](#j_tnsci-2017-0013_tab_003){ref-type="table"}).

4. Discussion {#j_tnsci-2017-0013_s_004}
=============

The *SSTR4* rs2567608 TT genotype, higher number of ACEs reported with the ACE 13 Score, and lower general self-efficacy significantly raised the risk of suicide attempt and it persisted significant in male patients with AD. This is the first study on *SSTR4* rs2567608 in clinical subjects with AD and, generally, with mental disorder, that proposes *SSTR4* rs2567608 TT as a molecular background for vulnerability to ACEs. It has to be underlined that alcohol use and suicide are both complex phenomena coming from a multitude of factors. Alcohol consumption may lead to suicidality through disinhibition, impulsive behavior and impaired judgment, but it may also be used as a means to ease distress by committing the act of suicide \[[@j_tnsci-2017-0013_ref_010]\]. Thus, alcohol dependence may be a direct cause of attempted suicide independently from environmental inequities, from childhood, or from any other lifetime period. As studied by Kaplan et al. (2014), postmortem blood alcohol content positivity was detected in nearly 36% of males and 28% of females that committed suicide between years 2003 and 2011in the USA \[[@j_tnsci-2017-0013_ref_049]\].

Patients with AD and the controls did not differ significantly according to the *SSTR4* rs2567608 genotype and allele frequencies. However, we cannot conclude that a lack of this difference mirrors that there are no differences in memory formation granted by the somatostatin receptor subtype 4 gene in these groups. Since the limitation of gene polymorphism studies is that they rely on a dominant model of inheritance, they adequately provide the reader with very careful conclusions. Many binary phenotypes do not follow the classical Mendelian inheritance pattern. Interaction between genetic and environmental factors is thought to contribute to incomplete penetrance phenomena that are often observed in these complex binary traits \[[@j_tnsci-2017-0013_ref_052]\]. Moreover, epigenetic modifications, both inherited and resulting from gene--environment interaction, modify gene expression independently of the genotype and result in different clinical outcomes in subjects of the same genotype \[[@j_tnsci-2017-0013_ref_053],[@j_tnsci-2017-0013_ref_054]\]. miRNAs are a class of gene expression regulators involved in the development, physiology, and diseases of the central nervous system \[[@j_tnsci-2017-0013_ref_044]\]. They may reduce the final protein synthesis, first on transcriptional and second, on translational levels (2014). As reviewed by Serafini et al. (2014), both acute and chronic stress, may influence the level of miRNAs in certain area of central nervous system in animal studies and miRNA expression was found to be globally downregulated in the prefrontal cortex of depressed suicide victims when compared to that of nonpsychiatric controls who died from other causes \[[@j_tnsci-2017-0013_ref_044]\]. miRNAs have been considered to be involved in neuroplasticity, hypothesized as connected with mood disorders and suicidal behavior \[[@j_tnsci-2017-0013_ref_055]\].Thus, epigenetic modification of gene expression is undoubtedly one confounder of single nucleotide studies, including ours.

A number of studies have investigated the role of genes connected with neurotransmission, memory formation, and neuroplasticity in patients with mental disorders or general population, i.e., the brain-derived neurotrophic factor gene (*BDNF*) \[[@j_tnsci-2017-0013_ref_056],[@j_tnsci-2017-0013_ref_057]\] and the serotonin transporter gene (*SLC6A4*) \[[@j_tnsci-2017-0013_ref_058]-[@j_tnsci-2017-0013_ref_062]\]. Only three studies have been conducted regarding *SSTR4* rs2567608 on human sample \[[@j_tnsci-2017-0013_ref_063]-[@j_tnsci-2017-0013_ref_065]\], but none in the field of memory formation. Two of the three studies indicated *SSTR4* rs2567608 as an additional tool for forensic individual identification\[[@j_tnsci-2017-0013_ref_063],[@j_tnsci-2017-0013_ref_065]\]. The third study, conducted by Kim et al. (2010), suggested that *SSTR4* rs2567608 was connected with human somatostatin receptor subtype 4 activity \[[@j_tnsci-2017-0013_ref_064]\]. Patients with colorectal cancer carrying the *SSTR4* rs2567608 TT genotype showed lower disease control rates in response to chemotherapy consisting of somatostatin receptor subtype 4 ligands (irinotecan and oxaliplatin) than patients carrying the *SSTR4* rs2567608 C allele \[[@j_tnsci-2017-0013_ref_064]\]. However, to our knowledge, there have been no studies supporting data that *SSTR4* rs2567608 TT genotype carriers display lower somatostatin receptor subtype 4 activity in the brain. Thus, our study presents very exploratory results which needs further investigation.

Our patients with AD reported each ACE category assessed with the ACE 13 Score significantly more frequently than healthy controls. Two national surveys of the general population were conducted with the ACE Study Score in the USA and GB \[[@j_tnsci-2017-0013_ref_046],[@j_tnsci-2017-0013_ref_066]\]. In the ACE Study by Felitti et al. (1998), at least 1 ACE was reported by 64% of respondents \[[@j_tnsci-2017-0013_ref_045]\]. In a study by Bellis et al. (2015), a significantly lower number of ACEs was reported. In the latter study, 46.4% of respondents reported ≥1 ACE and 8.3% reported ≥4 ACEs \[[@j_tnsci-2017-0013_ref_066]\]. Our patients with AD reported a higher number of ACE categories, probably due to the study inclusion criteria. Patients with AD are not representative of the general population and were found to report higher number of ACEs' categories than the general population \[[@j_tnsci-2017-0013_ref_007],[@j_tnsci-2017-0013_ref_046]\]. We expanded the ACE Study Score with three additional questions concerning events that took place before the age of 18 and included: witnessing a family member's attempted suicide (ACE 11); witnessing a family member's death due to any cause (ACE 12); and witnessing a stranger's death due to any cause (i.e., a traffic accident) (ACE 13). All three were reported by patients with AD significantly more frequently than by the controls ([Figure 1](#j_tnsci-2017-0013_fig_001){ref-type="fig"}).They mirror both household and wider environmental inequities in an individual's place of living, but witnessing an individual's death or act of violence is an accidental and acute stressor which was shown in the USA National Survey of Adolescents to be of lower significance in creating risk for PTSD than personal victimizations \[[@j_tnsci-2017-0013_ref_067]\]. We found that every ACE reported with the ACE 13 Score significantly raised the risk of suicide attempt by 24% in the whole group of patients with AD \[[@j_tnsci-2017-0013_ref_068]\]. This relation persisted significant in male patients with AD and was even more pronounced, increasing the risk by 37%. Every chronic ACE reported with the ACE Study Score significantly raised the risk of suicide attempt only in males and by 28%. Although female patients with AD reported a significantly higher number of chronic but not sudden ACEs \[due to the higher frequency of sexual abuse (ACE 3), witnessing physical abuse towards their mother or stepmother (ACE 7), and problem drinking/alcohol dependence of a household member (ACE 8)\], ACEs significantly raised suicide attempt risk in male, not female patients with AD. Thus, here suicide risk appears to be more related to ACEs in male patients with AD. Our hypothesis that subjects with the *SSTR4* rs2567608 TT genotype may be more vulnerable to childhood trauma was supported by the finding that the *SSTR4* rs2567608 TT genotype significantly increased the risk of suicide attempt in male, but not female, patients with AD. This is the first study hypothesizing higher vulnerability to ACEs in subjects with the *SSTR4* rs2567608 TT genotype and proposing the possible role of *SSTR4* rs2567608 in suicide risk. The results of the study should be interpreted carefully due to its exploratory and preliminary character. However, they also encourage further studies on *SSTR4* rs2567608 in clinical subjects.

Patients with AD who reported at least one suicide attempt had significantly lower general self-efficacy. The risk of suicide attempt was significantly lowered along with increasing general self-efficacy, but it persisted significant only in male patients with AD. As was pointed out by Bandura (1982), general self-efficacy may be impaired by previously experienced life adversities \[[@j_tnsci-2017-0013_ref_012]\]. Although our female patients reported a higher number of ACEs than male patients with AD, both male and female patients assessed their general self-efficacy equally. Also, the sociodemographic status of both male and female patients was comparable (no difference in place of living, educational level, and occupational status) despite the differences in marital status, as the male patients were more frequently single but the female patients were more frequently divorced or widowed. This may again suggest the higher vulnerability of our male patients to ACEs. General self-efficacy was referred to as global confidence in one's coping with novel situations, it warrants dealing with a variety of stressful situations and characterizes one's social skills \[[@j_tnsci-2017-0013_ref_028]\]. Our study replicates other research studies that pointed lower general self-efficacy as related with higher risk of suicide ideation, but assess it in patients with AD \[[@j_tnsci-2017-0013_ref_069], [@j_tnsci-2017-0013_ref_070]\].

4.1. Limitations of the study {#j_tnsci-2017-0013_s_004_s_001}
-----------------------------

Due to the methodological limitations of the research presented here, our conclusions need to be formulated carefully.

The data were retrospective and self-reported, and recall bias is still a possibility in retrospective reports of childhood adversities. The cross-sectional design precludes both causal inference (as event reporting may be confounded by current psychological condition and age) and longitudinal analysis of adjustment trajectories \[77\].

The results of the study should be interpreted cautiously due to the relatively small study sample.

The study was based on a Caucasian population of Central Poland. Samples/populations of other origins may vary according to *SSTR4* rs2567608 allele and genotype frequencies. Thus the conclusions of our study do not consider samples/populations other than Caucasian.

As we listed in the Subjects and Methods section, our patients had no significant psychiatric comorbidity, but we neither assessed nor excluded patients with personality disorders. Borderline personality disorder, for example, is associated with suicide attempts. Our study cannot account for this possible confounding factor.

5. Conclusions {#j_tnsci-2017-0013_s_005}
==============

1.  Patients with alcohol dependence are severely affected by adverse childhood experiences which can arise from adversities both within the household and in the wider place of living.

2.  Adverse childhood experiences should be targeted as a primary preventive strategy for suicide attempt in patients with alcohol dependence.

3.  The ACE 13 Score should be considered as an additional tool for suicide risk evaluation in patients with alcohol dependence.

4.  The *SSTR4* rs2567608 TT genotype in male patients with AD may be a molecular underpinning for higher vulnerability to childhood adversities.
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